BURNS are to-day a serious social problem ranking second only to motor vehicle accidents as a cause of death, or injury in children. Any minute, any hospital in the country may admit a seriously burnt child. As a member of the Surgical Team, the Anmsthetist must be prepared, therefore, to assist, or, if necessary, assume responsibility for the immediate care of a child in a state of oligaemic, or "burn", shock.
There is one point relevant to this discussion which I should like to emphasize, i.e. the child's tremendous thirst for oxygen, a 5-year-old child (the average child) requiring 5-6 c.c./kg. body-weight/minute compared with 3-9 c.c. in adults. Even at rest, the child's heart and lungs are working half as hard again as those of the adult. He has not, therefore, the tremendous respiratory and cardiovascular reserves that the adult has to fall back upon in times of stress. This is the reason why a child's condition deteriorates rapidly following a serious injury. It is the reason why the assessment of such a case is based upon the functional efficiency of the respiratory and cardiovascular systems. Because of the rapidity with which the vital reserves are depleted, this assessment should be determined from clinical observations: the colour of the child, the feel of his pulse, the capillary filling time, the child's temperature, the dryness, or dampness of his skin, the rate and depth of his breathing, and his muscle tone. Such observations give an immediate and reliable indication of the efficiency of the child's vital systems. Special investigations and laboratory findings are delayed and may be misleading. It is against this background that the patho-physiology of a burn must be considered.
Cope (1951) has compared the burn wound to a leech, which sucks water, protein and electrolyte from the plasma circulating in its depths. The volume of fluid lost is proportional to the extent of body surface burned, and the leakage continues for forty-eight hours, the loss being greatest during the first eight of these hours. Oc,rouR deteriorate rapidly, his blood pressure will fall, his pulse-rate will rise, and he will become cyanosed, apathetic and later comatose. In such cases, fluid replacement is a matter of the utmost urgency and must be given intravenously.
The healthy child, with less extensive bums, has reserves which are capable of sustaining him during the early hours when fluid loss is greatest. Fluid replacement is, therefore, less urgent and his requirements may be given by mouth. These cases, however, are potentially dangerous because not all children are healthy. Many have a chronic illness (bronchitis, anemia, malnutrition), which has already sapped their reserves. In such cases, the fluid loss occurring in a 6-10% surface burn may be -sufficient to drain those reserves and precipitate oligemic shock. Vomiting is the earliest sign of trouble in these borderline cases and an immediate indication to discontinue fluids by mouth and substitute intravenous replacement.
INTRAVENOUS FLUID REPLACEMENT THERAPY
The literature has emphasized the danger of over-infusing children. This propaganda has encouraged clinicians to err on the safe side and give too little rather than too much. Yet the effect of under-infusing an extensively burnt child will be even more serious.
To effect a happy compromise between too much and too little, the nature and volume of the fluid and the rate at which it is given must be carefully assessed. Ideally, it should be similar to the nature, volume and rate of fluid loss. The assessment is based upon certain specific information:
(1) The time which has elapsed since injury and the treatment that has already been given.
(2) The weight of the child. (3) The depth and extent of the burn, the extent being estimated from a simple diagram based on Berkow's tables (Fig. 1) . The nature of the replacement fluid depends upon the depth of the burn. A superficial burn is given reconstituted plasma, a fluid which is similar to the burns exudate. A deep burn, however, must be given whole blood in addition to plasma in order to replace the red cells destroyed, or damaged, in the depths and at the periphery of the wound. The hmmoconcentration, which occurs in the hours immediately following a burn, is not a contra-indication to the giving of blood. Indeed, its administration at this time is necessary to delay and to limit the characteristic animia, which will later complicate the stage of healing.
Many formule have been devised to assist the clinician in assessing the volume of fluid required to replace that lost into the burn wound during the forty-eight hours immediately following injury. In Edinburgh, the formula used is based upon the extent of the burn and the child's weight, 3 c.c. colloid fluid being given/i % surface area burned/kg. bodyweight (e.g. a child weighing 20 kg. with a 20% burn would require 1,200 c.c. fluid).
The rate at which it is given is indicated by the extent of the burn and the time that has elapsed since injury. Following a burn of less than 30%, one-third of the estimated total replacement volume is given in the first four to six hours following injury, this period being calculated from the time of injury and not from the time of admission to hospital. A second one-third is given during the next twelve to sixteen hours, and the final one-third during the remainder of the forty-eight-hour period. These figures are a guide to therapy. The object in treatment is to get the child out of shock as quickly as possible to protect him from the harmful effects of prolonged tissue anoxia. The rate, therefore, will ultimately depend upon the clinical response of the child.
Following more extensive burns, or when intravenous therapy has been delayed, it may be necessary to give as much as two-thirds of the total replacement volume in the first few hours following injury to prevent early death due to shock, or, if this be averted, hepatic and renal failure due to prolonged anoxia. The total volume given, however, remains the same; only the rate is altered.
Following a deep burn, a part of the estimated replacement volume has to be given as whole blood. The volume given depends upon the red blood cell loss, which may amount to 20-40 % of the red blood cell volume, depending upon the extent of the burn, e.g. a child with a blood volume of 1,600 c.c. and, therefore, a red blood cell volume of 720 c.c. would, following a 30 % deep burn, have to be given 140 c.c. of red blood cells, i.e. 300 c.c. of whole blood as part of the estimated total fluid replacement volume.
ASSESSMENT OF PROGRESS
The efficiency of treatment is assessed by:
(1) The clinical response of the child, his colour, warmth of skin, lessening of thirst and diminishing restlessness.
(2) The hourly urine output. This is obtained by means of an indwelling catheter and is the most important single guide to the patient's response.
Throughout the period of oligaemic shock, the urine output is reduced through the action of anti-diuretic hormone (A.D.H.), which is released as a part of the child's response to injury. A reasonable output, therefore, for a 1-year-old would be 8-10 c.c., for a 5-yearold 12-15 c.c., and for a 10-year-old 18-20 c.c. It is the changes in the hourly output that are important, however, rather than the absolute volume. A steady output in the region of those figures I have mentioned or a rising output, which becomes stabilized after a few hours, indicates a satisfactory response; whereas an output which continues to increase from hour to hour or which, after increasing and stabilizing begins to fall, indicates in the first instance that too much fluid is being given and in the second too little. (1) The prompt and effective treatment of oligoemic shock.
(2) The intravenous infusion of mannitol. This high molecular substance reverses the effects of A.D.H. and by retaining water lowers the concentration of urinary solutes, including hlEmoglobin, in the tubules.
METABOLIC FLUID REQUIREMENT Fluid replacement therapy takes no account of the metabolic fluid requirements-of the daily loss of water through the lungs, kidneys, skin and bowel. Water must, therefore, be given in addition to blood and plasma. It must be noted that because of the oliguria and skin destruction associated with a burn there is a reduction in water loss. The water intake during the first few days must, therefore, be reduced correspondingly and indeed in certain cases it may be necessary to reduce the normal metabolic fluid requirements by half. These requirements are satisfied by small hourly drinks, which should be given after the child has been brought out of shock and the danger of vomiting has passed. Serum sodium estimations indicate the accuracy of the assessment. Normal serum sodium is 140 mEq./litre. This level should be maintained. A fall indicates that too much water is being given and forewarns water intoxication.
Following burns of less than 10%, fluid replacement is less urgent and the child's requirements may be satisfied by drinks of half-normal crystalloid, 6 c.c. of sweetened halfnormnal saline/kg. body-weight/l % burn being given in small hourly fractions. The metabolic fluid requirement must be added to this volume, less restriction of water being necessary in these cases because the effect of A.D.H. is less marked. SUPPORTIVE MEASURES Though fluid loss is the cause of oligaemic shock and fluid replacement, therefore, urgent and imperative, it must be remembered that the effect of shock is anoxia and it is tissue anoxia, which changes it from a reversible process into an irreversible state. Besides restoring the circulating blood volume, every effort should be made to ensure that the other systems concerned with tissue oxidation are functioning adequately.
Serious respiratory embarrassment is readily recognized and commands immediate attention. Minor incidents may, however, pass unnoticed, yet, if allowed to persist, they will exaggerate the anoxia of oligoemia and possibly endanger the child's life.
The oxygen supply may be interfered with in a variety of ways:
(1) The respiratory centre may be depressed by the indiscreet use of sedatives, or stimulated by anxiety or fear to produce a rapid, shallow breathing, which is exhausting and inefficient.
(2) The respiratory muscles may be damaged, or their action interfered with following burns of the chest and abdomen.
(3) The respiratory passages may be obstructed by: (a) laryngeal and pulmonary cedema following the inhalation of noxious gases. (b) Pressure upon the trachea due to cedematous fluid accumulating deep to the inelastic eschar of a circumferential burn of the neck. (c) Crusting of secretions within the vestibules of the nose. This is a common occurrence following burns of the face. It results in mouth breathing with all its harmful effects and in the accumulation of thick viscid post-nasal secretions, which ooze down into the laryngeal region causing exhausting bouts of coughing, and respiratory embarrassment.
The child's weakness is his thirst for oxygen. As long as his supply and its transport is restricted, therefore, every effort must be made to cut down as far as possible his tissue demands for oxygen.
Handling should be reduced to a minimum, only essential diagnostic and therapeutic measures being permitted.
Restlessness must be controlled by adequate fluid therapy and the control of pain and anxiety by the careful use of opiates.
